Page 1 ol 



PATENT ABSTRACTS OF JAPAN 



(1 DPublication number : 10-020195 
(43)Date of publication of application : 23.01.1998 



(51)lnt.CI. 




G02B 17/08 
G03F 7/20 
H01L 21/027 




(21 )Application number : 


OB-1 88364 


(71)Applicant 


: NIKON CORP 


(22)Date of filing : 


28.06.1 996 


(72)Inventor : 


TAKAHASHl TETSUO 








OMURA YASUHIRO 



(54) CATA-DIOPTRIC SYSTEM 
(57)Abstract: 

PROBLEM TO BE SOLVED: To restrain eccentricity aberration 
caused by eccentricity to be small and to reduce reflectance 
irregularity caused by the 2nd mirror of a 2nd image- formation 
optical system by arranging the 2nd mirror near an aperture 
diaphragm, and satisfying a specified condition. 
SOLUTION: This system is provided with a 1st image-formation 
optical system A forming the intermediate image of a pattern drawn 
on a reticle R, a 1st mirror Ml in the vicinity of the intermediate 
image, and the 2nd image- formation optical system B forming the 
reformed image of the intermediate image on a wafer W. A concave 
mirror Mc is arranged in the reciprocating optical system A2 of the 
optical system A so that luminous flux from a going- path optical 
system A1 may be reflected. The luminous flux passing the optical 
system A2 on a retuming-path is guided to the optical system B by 
the 1st mirror Ml. The aperture diaphragm S is arranged in the 
optical system B. and the 2nd mirror M2 is arranged on this side of 
the diaphragm S. Then, the system satisfies either of expressions 
L1/L<0.1 and L1/L20.2. Provided that LI is a distance from the 
mirror M2 to the diaphragm S, L is the distance of an optical path 

leading to the wafer W from the reticle R and L2 is the distance of the optical path leading to 
from the 1st mirror Ml. 




the wafer V\( 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 



http://wwwl 9.ipdl .ncipi .go.jp/PAl /result/detail/main/w AAAp5ai4hD A4 1 0020 1 95P 1 .htm 



9/29/20( 



(19)B4cBM»»IF/7 (JP) (t2> ^ PI ^ ^ (A) (ll)«aHil«iin«^ 

J|^ll¥10-20195 

» 



(SDlnta" 




FI 




J'" 




G0 2B 17/08 




G 0 2 B 17/08 A 






G 0 3 F 7/2a 


5 2 1 


GO 3 F 


7/20 5 2 1 






H 0 1 L 21/QZ7 




HOIL 21/30 6 1 6D 






• 






T^il:^ ai:^e>&3 FD 


(± 7 






KrflFFfl'-' 188384 


(TDttOA 


OO0OO4112 








^dc6^(1996) 6 ^Z8Q 




)Wc©i^BaKAe>i*i3Te 2 


5«3# 










]fc««9=ff^GBBC:itLO|«l 3TS 2 « 3 ^ 


































A^^CfS^^GBBC^OI^ 3 TS 2 « 3 ^ 






















• 







(54) ^jarr)t^fll 



(57) 

^{B^:)&^^.A^J:-3rifl@R(D4>ra»«){$fiSL.. 

iK^Jh B tc J: o r *l«imcc>fieift *m 2 ®w±«: j^ia 

I/. l^2^(Be^^;9^BF^K:m2(OS7-M.^»Dfi») 





1 

^;&«asaT ^» U > i 3^ 6 ^ ttBbfe^S^. i J: T 

. L,/L<0. 1 (1) 
U/L.<0- 2 C2) 

L, : l?g2;Bl©5^-3&*6M2ffi«:M'S5tK«:?9oT 

1 L./f, Kl. 5 (3) 
mU, ft :S3S^m2M^{S^^^GDO^or>02(3r>^7- 
I a* KO. 2 (4) 

m2^m:>t^?F.O^^(Dm2<05 ^-,^0*>m2ffifflJtC 
10 0 0 1 ] 

[0002] 

!2fl;S3t«H«:*fV»r«, «®Wft<0«iEo:)/c«><c, fit 
94®^^.^.3&l||*3taTl»5 (^^^4 - 2 3 4 7 2 
2, US P 4, 7 7 9, 9 8 8) . C OOSS^® W^t^asS 



(2) »P§¥ 10-20195 

2 

iHM»'&d0^ii6ft3^.%(cJ:or9riffi 

tc. ^imEiaT«>u^^;Wtm2ffitcESr^':^x 

(0003) b*^5«:-HMtcS«®«f^«?St^rtK: $ ^- 

#tta)mKcD««:S;£U"CW«>3rc«>tcii, 5^ -con 
J^^iiW^Si l/T« U < »t ^IBffjWBJltS n& C i t 

[0 004] 

rj:^mL^^mtf,c^r>xm\i&^^m^mmL. C 

<7)»iie«i«i5fti^«:j:oTmiaB<o*raji»j&jfBJsEi/. ♦ 

30 ^^99<^^tcmi<D5^-'g:i2aU. m2fe<ft3t^^ 
(Cj:-7r4'IBI{0^<D^IS1K'&m2ffi±(C»^^U. m2^(ft 
fc^ 2 <0 ^ ^ - i raPtt 0 i 'tE® bfcSWJS 

L : m\^ij^hmzm^m.^%w>c^^xm':»it^± 
"ccoreftt 

L. : mi OS 7-3&>6m2ffiCCM-5:JfcK6c?&-,r®)-:> 

iL//ci#, >^a:>(i)^t {z)^t(o^%<o'prji< 

L,/L<0. 1 (1) 
L,/L,<D. 2 (2) 

[0 00 5] J:iEC0«5StCj:>), ^2 ©5 ^ -^5^2 «S 

6is;syR^ m^^) ififh^< 

so i^^ij^Kti^. ±sdSs^ {\) t iz) mz<o% 



C3) 



10-20195 



«*or*«=«(i> t (2) <oi^rn<»«fcs>acw»<!;«r 
[0006] 4^^(ci5i>r(i. 

I Lt/f » l< 1. 5 (3) 10 

[ 0 0 0 7 J *fc;lc^ig«:*ji*rw, 

tLtctft, 20 
I (8t I <0. 2 (4) 
^ji^^^rrKS-r-SCt^JW^Ol*. (4) 

[0008} 

^>W±*CJgfi!ErsW2«ffe^fc:56S^Bt^«-r*. »lie 
ttlS*5^.^ A, 3^ 6<^*«^SWT * J: ^ CCEJffieMc 

vxtAjcoTw**. afa*^«A,^«8srjiiau/t:>t 
d^iiro-s. m2^^^^5f;Brttc«ran«os*^ffia 



(00091 «TO« 1 SC/«2 CC, ^en-etiS I Rt/ 

ftj^'TScoftm^S. m 3 /7 ^ A d Uft:Mc^M<!>WI>i3. 
»4/79AttSu>XO*tH, W5/?^A|iS*^8m 

<D«fS^J$:?5^r. mSi^^Ac}'. *En«mK«:7nT. ta 
*J^fiX635 (S j O.) tm^ (Ca F.) <D0OTffiP« 

& (1 93nm) u:nr^mm^n\r^x<omov^^. 

S i O, : n =1.S601S 
Ca F, : n =1.50138 

[0 0 10] 



(4) 



0 
1 

2 
3 
4 

6 
6 
7 
8 

9 
10 
U 
12 
13 
14 
15 
16 
17 
IS 
19 
20 

n 

22 
23 
24 



26 
27 
28 



30 

SI 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 



49.998 U^^;VR 
369.115 18.000 SlOi Ai 



24S.893 
227.674 
-373.082 
-324.258 
332.817 
340.681 
604.760 

CO 
Q9 

391.176 
-982.727 
-417.793 
-1216. 731 
478.647 
-908.632 
32S.213 
208.331 
-196. 257 
1370.871 
430.209 
-366.694 
247.465 
286.274 
508.228 
^930.828 
'313.824 
-1017. 267 
-276.084 
1335.454 

-360.416 
1335.454 
-276.064 
-1017. 267 
-313.824 
•^.828 
508.228 
286.274 
247.465 
-366. 694 
430.209 



0.500 
33.705 
18.803 
20.532 

1.674 
20.389 
27.395 
35.000 
16.943 
30.000 

6.592 
20.000 
261. 3S3 
40.000 
11.323 
20.000 
48.917 
20.000 

0.500 
42.793 
61.625 
25.000 
68.753 
40.000 
27.931 
25.000 
19.454 
25.000 
32.821 

32.821 
25.000 
19.454 
25.000 
27.931 
40.000 
68.753 
25.000 
61.625 
42.793 
0.500 



CaPi 

s io« 

S SOi 
S lO. 
CaFi 
S lO. 
CaPi 
S i Oi 
S 1 Ot 
CaF, 

s to, 

S lOi 
S lOi 
S lO. 



A» 
A» 
Ai 
A. 
A. 
As 
A, 
A, 
A, 
A, 
A. 
A. 
A. 



10 



COffifiSMc Aa 
S i Oi Ai • 

S 1 O. A| ♦ 

S 1 Oi Aa • 

S 1 Ot A| ♦ 

CaFt Aa* 



20 



30 



40 



42 
43 
44 
45 
46 
47 
48 
49 
50 
61 
62 
53 
54 
55 
66 
57 
58 
59 

60 
61 
62 
63 
54 
65 
66 
67 
68 
69 
70 

n 

72 
73 
74 
76 



1370.871 
-196.257 

208.331 

325.213 
-908.632 

47a 647 
-1216.731 
-417.793 
-982.727 

391.176 

CO 

471.443 
-1089.281 
306.658 
247.195 
812. 165 
2628.418 



-1094. 809 
1598.936 

-266. &44 
2115.935 
-213.134 
-642.205 
1328.716 
-654.044 
-210,004 
-304.557 
-166.497 
-72.338 
-71. 788 
2042.086 



(00 1 1 } 

[^21 



10-20195 

6 

20.000 S 1 Oa Aa* 
4a 917 

2aooo SIO. At* 

11.323 

40.000 CaFa As f 
261.353 

20.000 Si Ob a. « 
a 592 

30.000 CaFs As ♦ 
1.943 

238.637 «1C!>2 9-Mi 
38.090 CaFt B 
a979 

20.000 S 1 Ot B 
312.806 

25.000 SlOi B 
145.000 
145.508 

30.000 
30. U4 
81.437 
45.218 

0.550 
30.096 
15.142 
30.000 

1.236 
45,167 
19.703 
45.000 

6.218 
6a 262 
17.000 



S 1 Oi B 

C aFi B 

S 1 0| B 

S t O. B 

S lOi B 

SIO. B 

S 1 Ot B 



(5) 



0 

1 -21D.000 

2 -232.058 

3 30LB1S 

4 -41S.S93 

5 154862.242 

6 '528. X09 

7 -31B^a)9 

8 275.570 

9 942.313 

10 -248.024 

n '250. 000 

12 3438.110 

13 390. 013 

14 -2017. 152 

15 421.041 

16 230.317 

17 -222. 542 
IB 988.628 

19 11949.023 

20 -828.913 

21 365.306 

22 -1713. 365 

23 -283.704 

24 1076.349 

25 -353.136 

26 1076.349 

27 -283.704 

28 -1713.365 

29 365,306 

30 -328. 913 

31 -11949.023 

32 988.626 

33 -222.642 

34 230.317 

35 421.041 
38 -2017.162 

37 390.013 

38 3438.110 

39 -250.000 

40 -248.024 

41 342.313 



7 

d 

60.000 
18.0(N) 

1.734 
32.109 
19.440 
15.248 

5.460 
18.000 
74.064 
48.000 

1.805 
20.000 

286.849 
40.000 
22.849 
20.000 
47.916 
20.000 
7.270 
27.617 
0.500 
42.285 

IfiO.144 
30.000 
30.701 
30.701 
30.000 

160. 144 
42.^ 
0.500 
27.617 
7.270 
20.000 
47.916 
20.000 
22.849 
40.000 

286.849 
20.000 

1.806 
48.000 
4.064 



S 1 Oi Ai 

C a Ft Ax 

S 1 Oi Ai 

S 1 O, Ai 

C a Pi At 



S 1 Ot At 

CaFi At 

S 1 0« A. 

S 1 Ot At 

C a Ft At 

S i Ot At 

S t Oi At 

(HTOfllMc At 

S 1 0| At « 

S 1 Oi A. ♦ 

C a Ft At * 

S 1 Ot At * 

S \Om a, * 

C a Ft At • 

S 1 Oi At ♦ 



C a Ft At * 



10 



20 



30 



40 



42 
43 
44 

45 
46 
47 
48 

49 
50 
51 
52 
53 
54 
55 
56 
67 
58 
59 
60 
61 
62 
63 



506.214 



-250.000 
1453.242 



-285.380 
-^954.824 

-220.000 
-2865.536 
-200.000 
-516.467 
632.373 
-1080.585 
-553.788 
5823.302 
-153.299 
-120.000 
-125.615 
3036.218 



10-20195 

8 

180.000 ^109^9— Mt 
34.041 CaPt B 
3.017 

20.000 S 1 Oi B 
422.966 

150.000 IB209^7--M| 
30.000 SIOi B 
50.000 

78.332 IBattDS 
45.000 CaFi B 
6.635 

27.411 S I Ot B 
18.844 

30.000 S 1 Oi B 
19. m 

45.000 S I Oi B 
0.500 

45.000 S 1 Oi B 
1,243 

66.000 SlOi B 
17.000 



[0 0 12] 

[as] 



u 

L 
L. 

fx 

(1> Li/L 
(2) Li/L, 

I L,/fi I 
1 i 



(3) 
(4) 



2 

230.0 
3150.0 
1290.0 

207.5 

ao7 
ai8 

1.U 
0.1932 



50 



1 

6 

3287.2 
1388.2 
192.0 
0.06 
0.15 
1,07 
0.1409 

10 0 I 3] y:i±(o J: o^m I ^mwv\t. ^20^^ 

0, *A:m2IISS«-Ctt, ^2CD5^--M,*WPttO 

s«fc0 2 aoottiStcEuri^'S. ccoi^m. OStcJ: 

-M, cc J; -7 "c atrial** <>e«-r * c i ifin^ 

[0014} 

l^2^^fcJfe^^^ftrtcoffl20 5^-^:P3□ttO<o 



C6> 



[03] mzm^^^TTirmu^ 
[194 ] mzmmomnsi^ 



10-20195 

10 



(HI ] 



[02] 




Y-6 



-0.0050 



1 BS.Gnm 
I D3.6na> 
t B3.4nn 
lOS.Snm 
1 0S.Onm 





0.0050 


J 








* 


-0.0050 






0.0050 





Q.0050 



-0.0050 



108. S ftm 
ie3.46fim 
109.4 nm 
l8S.35nm 
189.0 nm 



0.0050 



Y-5 

7^ 



-D.0O90 



JP,10-020195,A [CLAIMS] 

• 



Page 1 of 



♦ NOTICES * 

JPO and NCZPZ axe not reepoasible for any 
damaffeB caused by the uee of tbi.B translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. ^^ 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st image formation optical system is formed according to the both-way optical system which 
consists of a lens group which the both sides of the outward trip optical system to which the flux of light from 
the 1 St page penetrates only an outward trip, and the incident hght to a concave mirror and this concave mirror 
and the reflected light penetrate. Form said middle image of the 1st page according to this 1st image formation 
optical system, and the 1st mirror is arranged so that the flux of light from said 1st image formation optical 
system may be led to the 2nd image formation optical system near this middle image. In the cata-dioptric 
system which formed the re-image formation of said middle image on the 2nd page, and has arranged the 2nd 
mirror and aperture diaphragm in said 2nd image formation optical system according to said 2nd image 
fomiation optical system Cata-dioptric systeni characterized by the thing of the following (1) type and the (2) 
types for which said the 2nd mirror and aperture diaphragm have been arranged so that one of formulas may be 
satisfied at least 
Ll/L<0.1 (1) 
Ll/L2<0.2 (2) 

However, distance L2 on the optical axis measured in accordance with the optical path bom the distance 
Lraforementioned the 1 st page on the optical axis from the 2nd mirror of the LI :above to an aperture diaphragn 
to the 2nd page: It is the distance on the optical axis measured in accordance with the optical path from said 1 si 
mirror to the 2nd page. 

[Claim 2] Cata-dioptric system according to claim 1 with which are satisfied of the following conditions. 
|Ll/fl|<1.5 (3 

However, fl : It is the synthetic focal distance of the lens group arranged to the 2nd page side rather than the 2n 
mirror of said 2nd image formation optical system. 

[Claim 3] Cata-dioptric system according to claim 1 or 2 with which are satisfied of the following conditions. 
|betal|<0.2(4) 

However, beta 1 : When said 2nd mirror is made into the object point, it is an image formation scale factor by 
the lens group arranged to the 2nd page side rather than the 2nd mirror of said 2nd image formation optical 
system. 



[Translation done.] 



http V/www4, ipdl .ncipi .go.jp/cgi-bin/tran_web_cgi__ejj e?u=http%3 A%2F%2Fwww4 . ipdl .ncipi .go. . . . 9/29/200 



JP,10-020195A (DETAILED DESCRIPTION] 



Page 1 o 



♦ NOTICES ♦ 

JPO and NCXPZ are not rosponsible £or any 
damages caused by t;be use o£ tbls translation* 

1 .This doQument has been translated by cx>mputer. So the translation may not reflect the origina] precisely. 
2*^*^** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the cata-dioptric system which has the resolution of a quarter 
micron unit in an ultraviolet-rays wavelength region by using a reflective system especially as an element of 
optical system about the optical system of the projection aligner used in case a semiconductor device or a liqu: 
crystal display component is manufactiu-ed at a photolithography process. 
[0002] 

[Problem(s) to be Solved by the Invention] In the projection aligner used in the photolithography process for 
manufacturing a semiconductor device etc., cata-dioptric system is proposed for amendment of a curvature of 
field (JP,4-234722,A, USP4,779,966). As this cata-dioptric system, the middle image of the 1st page is forme( 
according to the 1 st image formation optical system containing a concave mirror, and a mirror is arranged so 
that the flux of light from the 1st image formation optical system maybe led to the 2nd image formation optic 
system near the middle image, and the configuration which forms the re-image formation of a middle image o: 
the 2nd page according to the 2nd image formation optical system is proposed. However, with this 
configuration, the wafer with which it arranges only one to the reticle arranged to the 1st page and the 2nd pag 
since the mirror which bends an optical path is not used does not become parallel, but there is a trouble of beii 
hard to perform a synchronous scan with a reticle and a wafer. Then, the 2nd mirror is arranged in the 2nd 
image formation optical system, and the configuration which makes a reticle and a wafer parallel is proposed. 
[0003] However, when using a mirror into cata-dioptric system generally, there is a possibility that big 
aberration may occur by the eccentric tilt of a mirror. Therefore, in order to be stabilized and to obtain the 
image of the resolution of a quarter micron unit, a high precision remarkable as inclusion tolersmce of a mirror 
will be required. Since the aberration of this invention generated by the eccentricity of a mirror in view of this 
point is small, the precision required of inclusion of a mirror becomes loose, therefore let it be a technical 
problem to offer the cata-dioptric system which is stabilized and can obtain the resolution of a quarter micron 
unit: 
[0004] 

[Means for Solving the Problem] In order to solve an above-mentioned technical problem, the cata-dioptric 
system by this invention The 1st image formation optical system is formed according to the both-way optical 
system which consists of a lens group which the both sides of the outward trip optical system to which the flxo 
of light from the 1st page penetrates only an outward trip, and the incident light to a concave mirror and this 
concave mirror and the reflected light penetrate. Forai the middle image of the 1st page according to this 1st 
image formation optical system, and the 1st mirror is arranged so that the flux of light from the 1st image 
formation optical system may be led to the 2nd image formation optical system near the middle image. In the 
cata-dioptric system which formed the re-image formation of a middle image on the 2nd page, and has arrange 
the 2nd mirror and aperture diaphragm in the 2nd image formation optical system according to the 2nd image 
formation optical system LI : — distance L: on the optical axis from the 2nd mirror to an aperture diaphragm — 
distance L2: on the optical axis measured in accordance with the optical path from the 1st page to the 2nd pagt 
when it considers as the distance on the optical axis measured in accordance with the optical path from the 1 st 
mirror to the 2nd page It is characterized by the thing of the following ( 1 ) type and the (2) types for which the 
2nd mirror and aperture diaphragm have been arranged so that one of formulas may be satisfied at least. 
Ll/L<0.1 (1) 
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Ll/L2<0.2(2) 

[0005] Since the 2nd mirror is arranged near the aperture diaphragm of the 2nd image fomiation optical systen 
by the above-mentioned configuration, all the beams of light that pass the 2nd mirror become comparatively 
close to an optical axis and parallel, and the eccentric aberration (comatic aberration, astigmatism, distortion 
aberration) generated when the 2nd mirror carries out an eccentric tilt becomes small by it. Therefore, the 
eccentric tolerance required of the 2nd mirror becomes loose. When the above-mentioned conditional 
expression (1) and (2) do not express extent of the nearness of the 2nd mirror and an aperture diaphragm and 
conditional expression (1) and neither of (2) are filled [ therefore ], the eccentric aberration generated when the 
2nd mirror carries out an eccentric tilt tends to become large, and ttie eccentric tolerance over the 2nd mirror 
becomes remarkably severe. 

[0006] When it considers as the synthetic focal distance of the lens group arranged to the 2nd page side rather 
than the 2nd mirror of the fl :2nd image formation optical system in this invention, it is |Ll/fl |<1 .5, (3) 
* It is desirable to satisfy the becoming conditions. Since fl becomes to some extent large by satisfying 
conditional expression (3) compared with LI, the amount of aberration of the 2nd optical system become 
less. Conversely, in not fulfilling this condition, fl becomes small and aberration amendment of the 2nd image 
formation optical system becomes difficult 

[0007] moreover, this invention — setting — betal : — the time of considering as the image formation scale facte 
by the lens group arranged to the 2nd page side rather than the 2nd mirror of the 2nd image formation optical 
system, when the 2nd mirror is made into the object point — |betal|<0.2 (4) 

It is desirable to satisfy the becoming conditions. Conditional expression (4) is the conditions for making small 
the inclination between each beam of light in the 2nd mirror location. If this conditional expression is not fillec 
the reflection factor nonuniformity between each beam of light which each beam of light in the 2nd mirror 
location shif^ from an parallel condition greatly mutually, and inclines mutually, and suits, therefore is 
produced by the 2nd mirror will become large. 
[0008] 

[Embodiment of the Invention] A drawing explains the gestalt of operation of this invention. I>rawing 1 and 
drawing 3 show the cata-dioptric system by the 1st and 2nd examples of this invention, respectively. This 
invention is applied to the projection optics which carries out the contraction imprint of the circuit pattern on 
Reticle R also with the optical system of both examples at the semi-conductor wafer W. This projection optics 
has the 2nd image formation optical system B which forms the 1st image formation optical system A which 
forms the middle image of the pattern drawn on Reticle R, the 1st mirror Ml arranged near the iiuddle image, 
and the re-image formation of a middle image on Wafer W. The 1 st image formation optical system A consists 
of outward trip optical system A1 to which the flux of light from Reticle R penetrates only an outward trip, anc 
both-way optical system A2 in which the flux of light fit>m the outward trip optical system Al carries out both 
way tremsparency. A concave mirror MC is arranged so that the flux of light from the outward trip optical 
system Al may be reflected, and the lens nearest to this concave mirror MC is a concave lens at t^ie both-way 
optical system A2. The flux of light which passed the both- way optical system A2 in the return trip is led to thi 
2nd image formation optical system B by the 1 st mirror Ml . Aperture-diaphragm S is arranged in the 2nd imaj 
formation optical system B, and the 2nd mirror M2 is arranged at the near side of this aperture-diaphragm S. It 
has become circular, and the shape of a slit which does not include an optical axis, and by scaiming Reticle R 
and Wafer W synchronously, the exposure range by this cata-dioptric system is constituted so that a big 
exposure field may be obtained. 

[0009] The item of the optical member of the 1st and 2nd examples is shown in the following Table 1 and 2, 
respectively. Among both tables, in the radius of curvature of each opticzd surface, and the 3rd colimin d, 
spacing of each optical surface and the 4th column show the quality of the material of each lens, and, as for the 
1st colurrm, the 5th column shows [ the number of each optical surface from Reticle R, and the 2nd coluiim r ] 
the group number of each optical member. * mark shows a return trip among the 5th column. In addition, the 
refractive index n to the criteria- for-use-of-food-additives wavelength (I93nm) of synthetic quartz (Si02) and 
fluorite (CaF2) is as follows. 

Si02 : n=1.56019CaF2 : The value of LI, L, L2, fl , and the parameter in said monograph affair type is shown 
in n= 1.50138 and following Table 3 about both examples. Moreover, the transverse aberration of the 1st and 
2nd examples is shown in drawing 2 and drawing 4 , respectively. Y shows image quantity among a transverse 
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aberration Fig. 
[001 0] 
[Table 1] 

r d 

0 - 49.998 V'^irjlrR 

1 369.115 l&OOO S 1 Ob Ai 

2 245. 893 D. 500 

3 227.674 33.705 CaF. Ai 

4 -373, 082 18. 803 

5 -324.258 20.532 S 1 0. Ai 

6 332. 817 L 674 

7 340. 581 20. 389 5 1 Oi Ax 

8 604. 760 27. 395 

9 00 35.000 SlOi Ai 

10 OP 16,943 

11 39L176 30.000 CaPs A. 

12 -982, 727 6. 592 

13 -417. 793 20. 000 S 1 0« A« 

14 -1216. 731 261. 353 

15 478.547 40.000 C a P. A, 

16 -908. 632 11. 323 

17 325, 213 20. 000 Si Oa A. 

18 208. 331 48. 917 

19 -196. 257 20. 000 S 1 Oi A, 

20 1370. 871 0. 500 

21 430.209 42.793 CaF. At 

22 -366.694 61.625 

23 247.465 25.000 S I O, Aa 

24 286.274 68,753 

25 508. 228 40. 000 SI O. A. 

26 -^.828 27.931 

27 -313. 824 25. 000 S i O, A, 

28 -1017.267 19.454 

29 -276,064 25.000 S i Ot A> 

30 1335.454 32.821 

31 -360.416 32.821 IHiaiftMc A.' 

32 1335.454 25.000 S 1 0. Ay ♦ 

33 -276.064 19.454 

34 -1017. 267 25. 000 3 1 Oi Ai ♦ 

35 -313. 824 27. 931 

36 . -930,828 40.000 S 1 Oi At ♦ 

37 508. 228 68. 753 

38 286.274 25.000 S 1 Oi A| * 

39 247. 465 61. 625 

40 -366, 694 42. 793 C a Fa Aa ♦ 

41 430, 209 0. 500 
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42 


1370.871 


20. 


43 


-198- 257 


48. 


44 


208.331 


20. 


45 


325.213 


IL 


46 


-9(8.632 


40. 


47 


478.547 


26L 


48 


-1216.731 


20. 


49 


-417.793 


6. 


'50 


-982. 727 


30. 


51 


391 176 




52 




236. 




471 443 


36. 


54 




Q 

o. 


S& 


305.858 


20, 


56 


247. 195 


312. 


57 


812. 155 


25. 


58 


2628.418 


145. 


59 


cx> 


145. 



60 


-1094. 809 


30. 


61 


1598. 936 


30. 


62 




81. 


63 


-266.544 


45. 


64 


2115.935 


0. 


65 


-213. 134 


30. 


66 


-642.205 


15, 


67 


1328, 716 


30. 


68 


-654.044 


1- 


69 


-210. 004 


45. 


70 


-304.557 


19. 


71 


-166. 497 


45. 


72 


-72. 336 


6. 


73 


-71. 786 


66. 


74 


2042.086 


17, 


75 







[0011] 
[Table 2] 



000 S 1 0| Ai • 

917 

000 S i 0« At » 

323 

000 CaFi As* 

353 

000 S 1 Oi Kt^ 

592 

000 C a Ft As ♦ 

943 

637 Ml 
090 C a Ft B 
979 

000 S 1 Os B 
806 

000 S 1 Oa B 
000 

508 ®2 0^9--M« 

000 S 1 Os B 
U4 

437 PSnlRDS 
218 C a Fs B 
550 

096 S I Os B 
142 

000 S 1 Os B 
236 

167 S 1 0, B 
703 

000 S i Oa B 
218 

262 S i O, B 
000 
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r d 

0 - 60.000 V^i/JVK 

1 -210. 000 18. 000 SI Ob Ai 

2 -233.058 L734 

3 30L81B 32.109 C a Fi Ax 

4 -415.393 19.449 

5 154862. 242 15. 248 S 1 0« Ai 

6 . -528.109 5.460 

7 -316. 309 18. 000 S 1 0, Ax 

8 275. 570 74. 064 

9 342.313 4a 000 C a P. A, 



1 n 


^DASl MA 


1 

JL. 


UL 


. — ^OU. UUv 




10 


d^Oo. JlJXm 




XtS 


S9U, Uld 


AS\ 






99 


10 


46i. im 




1 A 
10 


zou. air 


AT 


Li 




On 




nog isnfl 


r. 


19 


11949. 029 


27. 


on 


• "-SZo. 919 


i\ 

V. 


21 


3d5. aUD 


4Z« 


22 


-1713. 365 


160. 


23 . 


-283. 704 


30. 


24 


1076. 349 


30. 


25 


-353. 136 


30. 


26 


1076. 349 


30. 


27 


-283.704 


160. 


28 


-1713. 365 


42. 


29 


365. 306 


0. 


30 


-328.913 


27. 


31 


-11949. 023 


7. 


32 


988.626 


20. 


33 


-222.542 


47. 


34 


230.317 


20. 


35 


421.041 


22. 


36 


-2017. 162 


40. 


37 


390.013 


286. 


38 


3438.110 


20. 



806 

000 S 1 Oa As 

849 

000 C a F« As 
849 

000 S 1 Ol Ai 

916 

000 S 1 Os Ai 
270 

617 C a Fi Ai 
500 

285 S 1 Ol Ai 
144 

000 S 1 Os As 
701 

701 [HIBWftfc A, 
000 S 1 O, A, « 
144 

285 S 1 Ol As « 

500 

617 C a F, As ♦ 

270 

000 S 1 Os As « 

916 

000 S i Os A| ♦ 
849 

000 CaFs Ai4: 
849 

000 S 1 O, As ♦ 



39 -250. 000 

40 -248.024 

41 342.313 



1.806 
48.000 
4.064 



C a Fs As ♦ 
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42 CO 180.000 mUD^^^Mi 

43 506,214 34.041 C a Pa B 

44 -256.332 . 3.017 

45 -250.000 20. 000 S I Oa B 

46 -1453.242 422.966 

47 oo 150.000 SI 2 CDS ^—M, 

48 -285.380 30.000 S 1 Oi B 

49 -951 824 50. 000 

50 - 78.332 BBQttDS 

51 -220.000 45.000 CaPi B 

52 -2665.536 6.535 

53 -200.000 27.411 S I Oa B 

54 -516.467 18.844 

55 632.373 30.000 S I Oi B 

56 -1060. 585 19. 112 

57 -553.788 45.000 S i Oi B 

58 5823.302 0.500 

59 -153.299 45.000 S i Ot B 

60 -120. 000 L 243 

61 -125.615 66.000 S 1 0. B 

62 3036. 218 17. 000 

63 - ^X/NW 
« 

[0012] 



[Table 31 


1 


2 


u 


205.6 


230.0 


L 


3287.2 


3150.0 


L« 


1368.2 


1290.0 


fi 


192.0 


207.5 


(1) Li/L 


0.06 


0-07 


(2) Lx/L, 


0.15 


0.18 


(3) 1 Li/fi 1 


1.07 


1.11 


(4) 1 i3| 1 


0.1409 


0.1932 



[0013] In the 1st example, the 2nd mirror M2 is allotted to the location of 20S.6 from aperture-diaphragm S as 
mentioned above, and the 2nd mirror M2 is allotted to the location of 230 from aperture-diaphragm S in the 2n 
example. Consequently, the comatic aberration generated by eccentricity, astigmatism, and distortion aberratio 
become small, and the cata-dioptric system which is stabilized and has the resolution of a quarter micron unit 
can be acquired. Moreover, the reflection factor nonxmiformity produced by the 2nd mirror M2 is also 
mitigable. In addition, although the 2nd mirror M2 has been arranged to the near side of aperture-diaphragm S 
in both the above-mentioned examples, it can also arrange to the backside of aperture-diaphragm S in the rang< 
which fills the above-mentioned monograph affair type. 
[0014] 

[Effect of the Invention] As mentioned above, in the cata-dioptric system by this invention, since the 2nd nurrc 
within the 2nd image formation optical system is arranged near the aperture diaphragm, the reflection factor 
Qonuniformity which can make small eccentric aberration generated by eccentricity, and is produced by the 2ni 
mirror is also mitigable. 
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NOTICES 



JPO and NCZPX are not responaibXe 
I caused by tbe use o£ tbl's 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. ^ ' 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawing IJ 




[Drawing 2] 
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[Drawing 4] 
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[Drawing 3] 
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